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,Q WKH FDQRQLFDO YHUVLRQRISDUWLFOH VZDUPRSWLPL]DWLRQ
362DV\VWHPLV LQLWLDOL]HGZLWKDUDQGRPVHWRIVROXWLRQV
(DFKSRWHQWLDOVROXWLRQLVDOVRDVVLJQHGDUDQGRPYHORFLW\DQG
WKH SRWHQWLDO VROXWLRQV FDOOHG particles DUH WKHQ ³IORZQ´
WKURXJKWKHSUREOHPVSDFH

,Q WKH SUREOHP VSDFH HDFK SDUWLFOH NHHSV WUDFN RI LWV
FRRUGLQDWHVWKDWDUHDVVRFLDWHGZLWKWKHEHVWVROXWLRQILWQHVV
LWKDVDFKLHYHGVRIDU7KLVYDOXHLVFDOOHG³SEHVW´

7KHRWKHU ³EHVW´YDOXH WUDFNHGE\ WKHJOREDOYHUVLRQRI
WKH SDUWLFOH VZDUP RSWLPL]HU LV WKH RYHUDOO EHVW YDOXH JEHVW
DQG LWV ORFDWLRQ REWDLQHG VR IDU E\ DQ\ SDUWLFOH LQ WKH
SRSXODWLRQ7KHUH LVDOVRD ORFDOYHUVLRQRI362LQZKLFK LQ
DGGLWLRQWRSEHVWHDFKSDUWLFOHNHHSVWUDFNRIWKHEHVWORFDWLRQ
FDOOHG ³OEHVW´ DWWDLQHG ZLWKLQ D ORFDO WRSRORJLFDO
QHLJKERUKRRGRISDUWLFOHV

$W HDFK WLPH VWHS HDFK SDUWLFOH LV VWRFKDVWLFDOO\
DFFHOHUDWHGWRZDUGLWVSEHVWDQGJEHVWORFDWLRQVLQWKHJOREDO
YHUVLRQRUWRZDUGSEHVWDQGOEHVWLQWKHORFDOYHUVLRQ

7KLVRULJLQDOFDQRQLFDO362GHYHORSHGE\-LP.HQQHG\
DQG5XVV(EHUKDUWZDVILUVWUHSRUWHGLQ>@

7KH PD[LPXP YHORFLW\ Vmax ZDV GLIILFXOW WR GHDO ZLWK
XQWLO WKH FRQFHSW RI DQ LQHUWLD ZHLJKW ZDV LQFRUSRUDWHG LQWR
362>@$FRPPRQFKRLFH IRU WKH LQHUWLDZHLJKW LV 
rand ZKLFK EDODQFHV H[SORUDWLRQ DQG H[SORLWDWLRQ
HVSHFLDOO\ LPSRUWDQW LQ D G\QDPLF HQYLURQPHQW 7KH
PD[LPXPYHORFLW\ LV WKHQ VHW WR WKH G\QDPLF UDQJH RQ HDFK
GLPHQVLRQIRUHDFKHOHPHQWRIWKHSDUWLFOH>@5HIHUHQFH>@
LQFOXGHV D PRUH GHWDLOHG GLVFXVVLRQ RI 362 LQFOXGLQJ
HTXDWLRQVDQGDGGLWLRQDOUHVRXUFHV

$ VLJQLILFDQW SRUWLRQ RI WKH WLPH DQG HIIRUW ZKHQ
LPSOHPHQWLQJ 362 LV VSHQW H[SHULPHQWLQJ ZLWK FRQILJXULQJ
WKH DSSOLFDWLRQ IRU WKH DOJRULWKP DQG FRQILJXULQJ WKH
DOJRULWKPIRUWKHDSSOLFDWLRQ2IWHQDQDSSOLFDWLRQLQYROYHVD
QHXUDO QHWZRUN WKH ZHLJKWV RI ZKLFK DUH DGDSWHGRSWLPL]HG
ZLWK 362 2WKHU QHXUDO QHWZRUN SDUDPHWHUV VXFK DV WKH
QXPEHU RI SURFHVVLQJ HOHPHQWV 3(V DQG WKH VORSHV RI 3(
WUDQVIHUIXQFWLRQVDUHDOVRVRPHWLPHVRSWLPL]HG

,QWKHSDVWGHFDGHVHYHUDOUHVHDUFKHUVKDYHVWXGLHGZD\V
WR RSWLPL]H 362 FRQILJXUDWLRQ 5HVXOWV IURP WKHVH DWWHPSWV
RIWHQODEHOHGDVYHUVLRQVRIVHOIDGDSWLYH3626$362KDYH
EHHQPL[HG

5HIHUHQFH >@ FRPSULVHV DQ HYDOXDWLRQRI HLJKW 6$362
DSSURDFKHV 7KLV VWXG\ XWLOL]HV D EHQFKPDUN IXQFWLRQ
VSHFLDOO\IRUPXODWHGWRDYRLGVWDJQDWLRQ(DUOLHUVWXGLHVVXFK
DVWKDWUHSRUWHGLQ>@H[DPLQH6$362EHKDYLRURQDYDULHW\
RI EHQFKPDUN IXQFWLRQV ,Q HDFK RI WKHVH IXQFWLRQV WKH
RSWLPXPDQGIHDVLEOHVSDFHDUHSUHGHILQHG

2QO\DIHZ362SDUDPHWHUVDUHFRQVLGHUHGLQHDFKVWXG\
7\SLFDOO\ WKH LQHUWLD ZHLJKW DQG WKH VRFLDO DQG FRJQLWLYH
FRQWUROSDUDPHWHUVc1DQGc2DUHWXQHG

,Q SUDFWLFDO HQJLQHHULQJ DSSOLFDWLRQV VXFK DV WKDW
GHVFULEHGLQWKLVSDSHULWLVGHVLUHGWRRSWLPL]HDVLJQLILFDQWO\
ODUJHU QXPEHU RI V\VWHP SDUDPHWHUV 2XU DSSOLFDWLRQV RIWHQ
LQYROYH RSWLPL]LQJ D QHXUDO QHWZRUN DSSOLFDWLRQ IRU
FODVVLILFDWLRQRUDFRPSOH[VFKHGXOLQJDSSOLFDWLRQ

,QDGGLWLRQWRWKHWKUHHSDUDPHWHUVPHQWLRQHGDERYHZH
ZDQW WRRSWLPL]HSDUDPHWHUV VXFKDV WKHQXPEHURISDUWLFOHV
LQDVZDUPDQGWKHQXPEHURIKLGGHQ3(VLQDQHXUDOQHWZRUN
,Q WKHZRUN UHSRUWHGKHUH IRU WKH3HUO LPSOHPHQWDWLRQXS WR
HOHYHQSDUDPHWHUVDUHRSWLPL]HGVLPXOWDQHRXVO\
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
7KLVSDSHUSUHVHQWV DQHZJHQHUDWLRQRISDUWLFOH VZDUP
RSWLPL]DWLRQWKDWKDVEHHQGHYHORSHGWRDXWRPDWLFDOO\HYROYH
RSWLPDO RU QHDURSWLPDO YDOXHV IRU SDUDPHWHUV RI WKH 362
DOJRULWKPVXFKDVSRSXODWLRQVL]HDQGYHORFLW\IDFWRUDQGLI
XVHG SDUDPHWHUV RI DVVRFLDWHG QHXUDO QHWZRUNV VXFK DV
QXPEHURIKLGGHQ3(V&DOOHG'HHS6ZDUPDQHVWHGYHUVLRQ
RI362LWFRPSULVHVVZDUPVZLWKLQDVZDUP

,QLWLDOO\ GHYHORSHG IRU D F\EHUVHFXULW\ DSSOLFDWLRQ WKH
DQDO\VLV RI ODUJH YROXPHV RI PDOZDUH HYHQWV 'HHS 6ZDUP
VLJQLILFDQWO\UHGXFHVWKHWLPHDQGHIIRUWWRGHYHORSDFRPSOH[
DSSOLFDWLRQ WKDW XWLOL]HV 362 ,W DOORZV WKH RSWLPL]DWLRQ RI D
V\VWHP WDLORUHG WR HDFK DSSOLFDWLRQ WKXV JRLQJ VLJQLILFDQWO\
EH\RQG WXQLQJ D OLPLWHG QXPEHU RI SDUDPHWHUV EDVHG RQ
EHQFKPDUNIXQFWLRQVDQGPDWKHPDWLFDODQDO\VHV
,, &21),*85$7,21$1'352&(66
A. Configuration 
7KH FXUUHQW FRQILJXUDWLRQ RI 'HHS 6ZDUP FRPSULVHV
PXOWLSOH VZDUPVZLWKLQD VZDUP ,WV LQLWLDO DSSOLFDWLRQ LV IRU
DGDSWLQJRSWLPL]LQJ D QHXUDO QHWZRUN WR FODVVLI\ PDOZDUH
HYHQWV 'DLO\ YROXPH LQ WKH F\EHUVHFXULW\ DSSOLFDWLRQ LV
DSSUR[LPDWHO\  PDOZDUHUHODWHG HQWLWLHV ZLWK
UHSXWDWLRQVXVXDOO\GRPDLQVRU,3DGGUHVVHVEXWFDQEHRWKHU
DWWULEXWHVSHUGD\>@

&KDOOHQJHVDVVRFLDWHGZLWKWKHDSSOLFDWLRQLQFOXGHG
• 'HDOLQJ ZLWK WKH FRQVWDQWO\ FKDQJLQJ
HQYLURQPHQW
• 3UHVHQWLQJ LQIRUPDWLRQ RQPDOZDUH DWWDFNV WKDW
LVSUDFWLFDODQGXVHIXO
• 0DNLQJ LQIRUPDWLRQ DFWLRQDEOH IRU KXPDQV DQG
DXWRPDWLQJVRPHDFWLRQV
• (PSKDVL]LQJDFFXUDF\DQGVLPSOLFLW\

7KHILUVWDWWHPSWDWDFODVVLILFDWLRQWRROZDVWRHYROYHD
WUDGLWLRQDOIHHGIRUZDUGQHXUDOQHWZRUNZLWKFDQRQLFDO362,Q
RUGHUWRDFKLHYHDFFHSWDEOHV\VWHPSHUIRUPDQFHLWZDVIRXQG
WKDWDVLJQLILFDQWDPRXQWRIWLPHZDVUHTXLUHGWRVHOHFWVZDUP
DQG QHXUDO QHWZRUN SDUDPHWHUV VXFK DV WKH QXPEHU RI
SDUWLFOHV LQ WKH VZDUP WKH QXPEHU RI KLGGHQ SURFHVVLQJ
HOHPHQWVLQWKHQHXUDOQHWZRUNHWF

7KLV OHG WKH GHYHORSPHQW WHDP WR GHYLVH D WRRO WKDW
ZRXOG VHOIRSWLPL]H DQG WKXV EH XVHIXO LQ G\QDPLF
HQYLURQPHQWV7KHWRROEHFDPH'HHS6ZDUP

'LVFXVVLRQV ZLWK WKH XVHUV UHVXOWHG LQ WKH FKRLFH RI D
WKUHHFDWHJRU\ FODVVLILFDWLRQ V\VWHP (YHQWV DUH FODVVLILHG DV
5HGEDGUHTXLUHVXUJHQWDWWHQWLRQ<HOORZQHXWUDONHHSDQ
H\H RQ WKLV RU*UHHQ RN FDQEH LJQRUHG IRU QRZ7KLV LV
VLJQLILFDQWO\ VLPSOHU WKDQ SUHVHQWLQJ PXOWLSOH UHSXWDWLRQ
FDWHJRULHV HDFK ZLWK D VHYHULW\ IRU HDFK HYHQW ,W LV DOVR
YLVXDO DQG HDVLHU WR XQGHUVWDQG $Q DFFXUDF\ RI  SHUFHQW
FRUUHFWZDVVSHFLILHGIRUWKHLQLWLDOSURRIRIFRQFHSWV\VWHP

,Q RXU LQLWLDO DSSOLFDWLRQ WKH RXWHU SULPDU\ RU VKHOO
VZDUP XVHV D JEHVW SDUWLFOH VZDUP ZLWK ILYH HOHPHQWV
GLPHQVLRQV DQG RQH XVHUVSHFLILHG SDUDPHWHU IRU WKH
SRSXODWLRQ VL]H 0D[LPXP YHORFLWLHV DUH VSHFLILHG E\ WKH
G\QDPLFUDQJHRQHDFKGLPHQVLRQDVLVQRZVWDQGDUGLQ362

7KHVZDUP¶VHOHPHQWVDUHYHORFLW\IDFWRUQHLJKERUKRRG
VL]HQXPEHURISDUWLFOHVSRSXODWLRQVL]HQXPEHURIKLGGHQ
3(VLQ WKHQHXUDOQHWZRUNDQGXSSHUORZHUOLPLWVRIZHLJKWV
LQ WKH QHXUDO QHWZRUN 7KHVH DUH EHLQJ RSWLPL]HGDGDSWHG
DORQJ ZLWK FODVVLILFDWLRQ QHXUDO QHWZRUN ZHLJKWV WKDW DUH
RSWLPL]HGDGDSWHGLQWKHLQQHUVZDUPV

1RWH WKDW YHORFLW\ IDFWRU LV QRW LQFOXGHG LQ PRVW 362
LPSOHPHQWDWLRQV EXW LW LOOXVWUDWHV WKH IDFW WKDW QRQVWDQGDUG
SDUDPHWHUV FDQ EH H[SHULPHQWHG ZLWK DQG UHWDLQHG RU
GLVFDUGHG9HORFLW\IDFWRUZDVQRWLPSOHPHQWHGDVRQHRIWKH
SDUDPHWHUV WKDW FDQEH RSWLPL]HG LQ WKH3HUO 6FULSW'HHS
6ZDUPLPSOHPHQWDWLRQ

7KHVH ILYH HOHPHQWV LQ WKH RXWHU VZDUP DUH LQLWLDOL]HG
DQGUXQZLWKLQWKHUDQJHVLQ7DEOH,ZKLFKZHUHVHOHFWHGE\
H[SHULHQFHDQGZLWKDVVLVWDQFHRIDQDO\VLV WRROV VHHProcess 
Commentary Section EHORZ

7$%/(,3$5$0(7(5,1,7,$/,=$7,215$1*(6
3DUDPHWHU ,QLWLDOL]DWLRQUDQJH /LPLWGXULQJUXQ
3RSXODWLRQVL]H  LQWHJHU
1HLJKERUKRRGVL]H  LQWHJHU
9HORFLW\IDFWRU  
:HLJKWOLPLWV  
1RRIKLGGHQ3(V  

B. Process 
)RU HDFK RI WKH SRSXODWLRQ PHPEHUV SDUWLFOHV RI WKH
RXWHUSULPDU\VKHOOSRSXODWLRQDQRWKHUVZDUPLVFRQILJXUHG
XVLQJWKHILYHYDOXHVIRUDQLQQHUQHWZRUNZHLJKWVVZDUP,Q
RXULQLWLDODSSOLFDWLRQLQSXWVWRWKHLQQHUVZDUPDUHVHYHULWLHV
RIPDOZDUHHYHQWUHSXWDWLRQFDWHJRULHV

7KHUH DUH  FDWHJRULHV LQ HDFKPDOZDUHUHODWHG HQWLW\
EXWZH LQLWLDOO\ XVHGRQO\  VLQFH WKH\ZHUH WKH RQO\ RQHV
ZLWK QRQ]HUR YDOXHV LQ RXU LQLWLDO SDWWHUQ VHWV ([DPSOHV RI
FDWHJRULHVDUH&RPPDQGDQG&RQWURODQG,3&KHFN

(DFKUHSXWDWLRQFDWHJRU\KDVEHHQDVVLJQHGDVHYHULW\
 DQG D FKDUDFWHUL]DWLRQ EDG QHXWUDO 2. (DFK HQWLW\
HYHQW FDQ WULJJHU PXOWLSOH FDWHJRULHV HDFK ZLWK LWV XQLTXH
VHYHULW\

(DFK LQQHU VZDUP LV UXQ IRU WKH IL[HG QXPEHU RI
LWHUDWLRQV VSHFLILHG LQ DQ LQSXW ILOH WKH parameters.run ILOH
DQGWKHEHVWVHYHULW\YDOXHORZHVWZHLJKWHGVXPRIPLVWDNHV
EDVHG RQ WKH FRQIXVLRQPDWUL[ RI 7DEOH ,, LV XVHG WR VHOHFW
YDOXHV RI JEHVW IRU WKH DGDSWDWLRQ RI WKH ILYHHOHPHQW RXWHU
SULPDU\VZDUP

7$%/(,,&21)86,210$75,;
&ROXPQDV
URZHUURU
5HG <HOORZ *UHHQ
5HG   
<HOORZ   
*UHHQ   

,Q HDFK VKHOO VZDUP LWHUDWLRQ HDFK LQQHU VZDUP¶V
HOHPHQWV UHSUHVHQWLQJ QHWZRUN ZHLJKWV DUH LQLWLDOL]HG
UDQGRPO\ ZLWKLQ WKH UDQJH RI ZHLJKW OLPLWV GHILQHG IRU WKDW
SDUWLFOH E\ WKH DVVRFLDWHG RXWHU SULPDU\ VKHOO VZDUP 7KH
SDWWHUQV DUH WKHQ XVHG DV LQSXWV WR HYROYH WKH ZHLJKWV IRU D
QHXUDO QHWZRUN IRU WKH QXPEHU RI LWHUDWLRQV VSHFLILHG LQ
parameters.runIRUHDFKSDUWLFOH

9DOXHV RI ZHLJKWV EHVW HUURU VHYHULW\ DQG WKH
DVVRFLDWHG ILYH VZDUP SDUDPHWHUV IRU WKH JEHVW SDUWLFOH DUH
VWRUHG 7KH ILYH SDUDPHWHU YDOXHV UHPDLQ IL[HG GXULQJ WKH
LQQHU VZDUPV¶ UXQV1RWH WKDW WKH ILOHparameters.run ILOH LV
ZULWWHQWRDIWHUHDFKLWHUDWLRQDVDUHWKH7(03ILOHV

7KH RXWHU VZDUP LV WKHQ IORZQ RQH LWHUDWLRQ XVLQJ WKH
ILWQHVV VHYHULW\YDOXHV IRU WKH LQQHU VZDUPV WR VHOHFWJEHVW
1RZ WKHUH DUH QHZ YDOXHV IRU WKH ILYH SDUDPHWHUV IRU HDFK
LQQHU SDUWLFOH REWDLQHG IURP IO\LQJ WKH RXWHU VZDUP DQG WKH
SURFHVVLVUHSHDWHGIRUWKHVSHFLILHGQXPEHURIJHQHUDWLRQV

2XU'HHS6ZDUPQHVWHG VZDUP DGDSWDWLRQ FDQEH XVHG
IRU RWKHU SDUDPHWHUV VXFK DV RSWLPL]LQJ WKH VORSH k RI WKH
LQGLYLGXDO SURFHVVLQJ HOHPHQW VLJPRLG WUDQVIHU IXQFWLRQ
RSWLPL]LQJ WKH W\SHRI WUDQVIHU IXQFWLRQ HWF(DFK DGGLWLRQDO
SDUDPHWHU EHLQJ RSWLPL]HG VLPSO\ DGGV D GLPHQVLRQ WR WKH
RXWHUVKHOOVZDUPGHVFULEHGDERYH

:H KDYH LQLWLDOO\ REWDLQHG JRRG UHVXOWV E\ UXQQLQJ WKH
VKHOO VZDUP VLJQLILFDQWO\ IHZHU LWHUDWLRQV WKDQ WKH LQQHU
QHWZRUNZHLJKWV VZDUPV7\SLFDO QXPEHUVRI LWHUDWLRQV IRU
WKH RXWHU DQG LQQHU VZDUPV IRU RXU PDOZDUH FODVVLILFDWLRQ
DSSOLFDWLRQDUHDQG UHVSHFWLYHO\1RWH
WKDWZHKDYHYHU\ OLWWOH H[SHULHQFH VR IDUZLWK WKLV DVSHFW RI
'HHS6ZDUPDGDSWDWLRQ
C. Process Commentary 
(YHU\ GDWD VHW LQWHQGHG IRU D FODVVLILFDWLRQ DSSOLFDWLRQ
KDVLWVQDWXUDOOHYHORI³JURXSDELOLW\´±KRZFOHDQO\VHSDUDEOH
ZLOO FODVVHV EH LQ WKH LQSXW GLPHQVLRQDO VSDFH" :KDW LV WKH
RSWLPDOQXPEHURI³QDWXUDO´VWDWHVRIWKLVLQSXWGDWD"

*HWWLQJDW WKLVQXPEHURIQDWXUDO VWDWHVZDV LQVSLUHGE\
HDUOLHUZRUNLQWRSLFGHWHFWLRQIURPXQNQRZQWH[WFROOHFWLRQV
±KRZPDQ\WRSLFVRSWLPDOO\GHVFULEHZKDWLVLQWKHFRPSOHWH
FROOHFWLRQ" 5HIHUHQFH >@ GHVFULEHV ZRUGDGMDFHQF\JUDSK
:$*PRGHOLQJDVDPHDQVWRPRGHODOOUHODWHGZRUGVWKHQ
SDUWLWLRQWKHPRGHOLQWRFOXVWHUVWKDWUHSUHVHQWFRQWHQWWRSLFV

)RURXUGLPHQVLRQDOQXPHULFDOLQSXWGDWDZHXVHGD
WZRVWHSSURFHVV LQ WKHH[SORUDWRU\SKDVH WR ORRNIRUDQ LGHD
RI WKHRSWLPDOQXPEHURI VWDWHV7KLVSURYLGHG LQVLJKW WR WKH
QXPEHU RI KLGGHQ SURFHVVLQJ HOHPHQWV QHHGHG LQ WKH QHXUDO
QHWZRUN FODVVLILHU JXLGLQJ WKH FKRLFH RI WKH LQLWLDOL]DWLRQ
UDQJHIRUWKLVSDUDPHWHU

:HILUVWSHUIRUPHGDSULQFLSDOFRPSRQHQWVDQDO\VLVDQG
IRXQGWKHILUVWWKUHHFRPSRQHQWVWRJHWKHUGHVFULEHSHUFHQW
RI WKH YDULDQFH VXIILFLHQW WR ORRVHO\ FKDUDFWHUL]H WKH ELJ
JURXSVIRXQG&KDUWLQJWKHVHLQWKUHHGLPHQVLRQVVKRZVFOHDU
JURXSLQJIRUDERXW WHQFOXVWHUV LIQRWD IHZPRUHDVVHHQ LQ
)LJIURP7HQVRUIORZ¶V(PEHGGLQJ3URMHFWRUWRRO>@




)LJ'YLHZRIILUVWWKUHHSULQFLSDOFRPSRQHQWV


5HVXOWVRI.PHDQVZLWKWHQJURXSVDUHVKRZQLQ)LJ
ZLWKJRRGGHILQLWLRQRQHDFKRIQLQHJURXSVDQGJURXSDV
DQRXWOLHUFDWFKDOO


)LJ0DSSLQJLQSXWVDQGWHQFOXVWHUV

)RUH[DPSOH*URXSVKRZVVWURQJVLJQDO LQUHSXWDWLRQ
FDWHJRU\DQGRQO\*URXSUHSFDWHJRULHVDQG
:KHUHDV PRVW JURXSV DUH GHILQHG E\ VLJQDOV LQ RQO\ D IHZ
FDWHJRULHV*URXSWKH³RWKHUV´KDVDWOHDVWVRPHVLJQDOLQ
HOHYHQFDWHJRULHV
.QRZLQJWKDWWHQEDVLFW\SHVRILQSXWDUHWREHGHDOWZLWK
KHUHXOWLPDWHO\WRZDUGVXFFHVVIXOFODVVLILFDWLRQKHOSVLQIRUP
WKH GHVLJQ RI WKH QHXUDO QHWZRUN WRSRORJ\ SDUWLFXODUO\ WKH
QXPEHU RI KLGGHQ OD\HU 3(¶V LI QRW WKH QXPEHU RI KLGGHQ
OD\HUVDVZHOO

,,,0$/:$5((9(17'$7$&/$66,),&$7,21$1'$1$/<6,6
'HHS6ZDUPZDVXVHGWRGHYHORSDQGWHVWDFODVVLILHUIRUD
VDPSOH SDWWHUQ PDOZDUH HYHQW GDWDEDVH 7KH LQLWLDO FRGH
IRU'HHS6ZDUPZDVZULWWHQ LQ&2WKHUYHUVLRQV LQFOXGLQJ
RQHLQ3HUOGLVFXVVHGODWHUDUHEHLQJLPSOHPHQWHG
7KLV WUDLQLQJ GDWD VHW ZDV GHYHORSHG E\ LQWHUYLHZLQJ
VXEMHFWPDWWHUH[SHUWVZKRZHUHVKRZQVFHQDULRVRIPDOZDUH
UHODWHGHQWLWLHVDQGUHOHYDQWDWWULEXWHVOLNHUHSXWDWLRQVFRUHVLQ
YDULRXV FDWHJRULHV *LYHQ WKRVH IDFWV WKH\ DVVLJQHG D WKUHDW
OHYHOFDWHJRU\RI5HG<HOORZRU*UHHQWRHDFKH[DPSOH
7KH IROORZLQJ GLVFXVVLRQ UHIHUV WR WHQ UXQV PDGH RI WKH
'HHS 6ZDUP V\VWHP 7KH RXWHU VZDUP SDUDPHWHUV YDULHG DV
IROORZVQXPEHURIJHQHUDWLRQVZDVHLWKHUILYHRUWHQQXPEHU
RISDUWLFOHVZKLFKLVWKHQXPEHURILQQHUVZDUPVYDULHGIURP
WHQ WR :LWKLQ WKH LQQHU VZDUPV WKH QXPEHU RI LWHUDWLRQV
YDULHGIURPWR
2YHU DOO WHQ UXQV WKHUH ZDV D WRWDO RI  HUURUV
PLVFODVVLILFDWLRQV RU DQ DYHUDJHRI SHU UXQZLWK 
HUURUVIRULQGLYLGXDOUXQV'HWDLOVDSSHDULQ7DEOH,,,

2I WKH  SUREOHP SDWWHUQV   SHUFHQW ZHUH
GHWHUPLQHGWRKDYHEHHQPLVFODVVLILHGRULJLQDOO\,QFRUSRUDWLQJ
WKHVH  UHYLVHG FODVVLILFDWLRQV LQWR WKH GDWD VHW UHVXOWV LQ D
UHGXFWLRQRIHUURUVDQGDUHGXFWLRQRIVHYHULW\'DWDUXQVDUH
VWLOOEHLQJPDGHDVRIWKHZULWLQJRIWKLVSDSHUEXWSUHOLPLQDU\
UHVXOWV LQGLFDWH DQ LQFUHDVH IURP  WR DSSUR[LPDWHO\ 
SHUFHQW FRUUHFW DQG D GHFUHDVH LQ DYHUDJH VHYHULW\ WR DURXQG


7$%/(,,,5(68/76)52058162)'((36:$50
(UURUV 6HYHULW\
3RS
VL]H 1HLJK
:W
OLPLW
+LG
3(V
     
     
     
     
     
     
     
     
     
     


7KHGLVWULEXWLRQRIHUURUVZDVXQH[SHFWHG)LIW\SDWWHUQV
DFFRXQWHGIRURIWKHHUURUVRUDQDYHUDJHRIHUURUVSHU
UXQ(DFKRI WKHVHSDWWHUQVZDVPLVFODVVLILHG LQ DW OHDVW HLJKW
UXQV2QO\SDWWHUQVDFFRXQWHG IRU WKH UHPDLQLQJHUURUV
DQGWKH\HDFKDFFRXQWHGIRUWKUHHRUOHVVHUURUVH[FHSWIRURQH
SDWWHUQZLWKIRXU
7KH  SDWWHUQV ZLWK DW OHDVW HLJKW HUURUV HDFK ZHUH
REYLRXV FDQGLGDWHV IRU UHYLHZ 7KH V\VWHP FRXOG VHOGRP EH
HYROYHGWRFODVVLI\WKHPµFRUUHFWO\¶
7KHVH SDWWHUQV ZHUH SURYLGHG IRU UHFODVVLILFDWLRQ WR WKH
H[SHUWZKRRULJLQDOO\FODVVLILHGWKHP7KH\ZHUHQRWWROGKRZ
WKH\ ZHUH SUHYLRXVO\ FODVVLILHG DQG ZHUH GLVFRXUDJHG IURP
UHIHUULQJWRWKHLURULJLQDOFODVVLILFDWLRQ
$VHFRQGH[SHUWKDVDOVRUHFODVVLILHGWKHSDWWHUQV7KH
QXPEHU RI GLIIHUHQW UHFODVVLILFDWLRQV LV VLPLODU WR WKDW RI WKH
ILUVW H[SHUW EXW WKH RYHUODS EHWZHHQ WKH WZR H[SHUWV LV RQO\
DERXWWZRWKLUGV
:LWKWKHSDUWLFLSDWLRQRIERWKH[SHUWVWKHSURMHFWWHDPLV
FXUUHQWO\ GHWHUPLQLQJ KRZ EHVW WR LQFRUSRUDWH GLIIHUHQFHV LQ
KXPDQLQSXWVLQWRWKH'HHS6ZDUPWRRO
,9 ,03/(0(17$7,21
,Q DSSOLFDWLRQ DUHDV IRU ZKLFK WKH HQYLURQPHQW LV
UHODWLYHO\ VWDEOH RQFH'HHS6ZDUP LV XVHG WR FRQILJXUH DQG
RSWLPL]H WKH FODVVLILHU VXFK DV D QHXUDO QHWZRUN WKH
FODVVLILHU¶VWUDLQLQJFDQEH³WRXFKHGXS´E\UHWUDLQLQJLWXVLQJ
UHFHQWO\DFTXLUHGGDWDSDWWHUQV 7KLVUHTXLUHV UHODWLYHO\ OLWWOH
FRPSXWLQJWLPH

+RZHYHU D UHRSWLPL]DWLRQ RI WKH HQWLUH 'HHS 6ZDUP
V\VWHPZKLFKUHTXLUHVRQHRU WZRRUGHUVRIPDJQLWXGHPRUH
FRPSXWDWLRQ WLPH ZLOO EH QHHGHG RFFDVLRQDOO\ 7KHUH DUH
YDULRXVUHDVRQVWKLVFRXOGEHFRPHGHVLUDEOHRUQHFHVVDU\

2QH UHDVRQ FRXOG EH WKDW WKH ³WRXFKXS WUDLQLQJ´ LVQ¶W
UHVXOWLQJ LQ D FODVVLILFDWLRQ V\VWHP WKDW PHHWV SHUIRUPDQFH
VSHFLILFDWLRQV $QRWKHU LV WKDW WKH RYHUDOO QDWXUH RI WKH
HQYLURQPHQWPD\FKDQJH

$V DQ H[DPSOH RI WKH VHFRQG UHDVRQ FRQVLGHU WKH
PDOZDUH HYHQW FODVVLILHU GLVFXVVHG DERYH 'XULQJ WKH ILUVW
PRQWKV RI  H[SORLWNLWUHODWHG DFWLYLW\ ZDV SUHYDOHQW
ZKHQ FRPSDUHG WR SKLVKLQJUHODWHG DFWLYLW\ 7KH ODWWHU
PRQWKV KRZHYHU VDZ D VLJQLILFDQW LQFUHDVH LQ DQG
SUHYDOHQFH RI SKLVKLQJ DFWLYLW\ 7KLV NLQG RI VKLIW LQ WKH
PDOZDUH HQYLURQPHQW ZRXOG LQGLFDWH D QHHG IRU D V\VWHP
UHVWUXFWXULQJDQGUHRSWLPL]DWLRQ

,W LV H[SHFWHG WKDW WKH WRSRORJLFDO UHVWUXFWXULQJ ZLOO EH
UHTXLUHGPXFKOHVVIUHTXHQWO\WKDQWKHWRXFKXSUHWUDLQLQJ,I
WKHFODVVLILHULV³WRXFKHGXS´RQFHHDFKGD\IRUH[DPSOHWKH
RYHUDOO 'HHS 6ZDUP V\VWHP UHRSWLPL]DWLRQ LV OLNHO\ WR EH
QHHGHGRQO\RQFHHDFKPRQWKRUVR7KH UHODWLYH IUHTXHQFLHV
ZLOORIFRXUVHEHDSSOLFDWLRQDQGHQYLURQPHQWGHSHQGHQW

&RPSXWDWLRQVSHHGLVRIWHQPHDVXUHGLQPLOOLVHFRQGVRU
VHFRQGVIRUPDQ\362DSSOLFDWLRQV'HHS6ZDUPLVFXUUHQWO\
FRPSDUDWLYHO\ VSHDNLQJ DPXFK VORZHU WRRO ZLWK H[HFXWLRQ
WLPHVPHDVXUHG LQPLQXWHV RU KRXUV7KH WHQ UXQV IRUZKLFK
UHVXOWV DUH SUHVHQWHG LQ 7DEOH ,,, WRRN EHWZHHQ WZHQW\ DQG
QLQHW\PLQXWHV WR FRPSOHWH LQ D:LQGRZV HQYLURQPHQW RQ D
ODSWRS FRPSXWHU 7KLV LV DFFHSWDEOH IRU PDQ\ FRPSOH[
HQJLQHHULQJ DSSOLFDWLRQV VXFK DV WKH PDOZDUH DQDO\VLV
SUHVHQWHGKHUH
9 7+(3(5/,03/(0(17$7,21
7KH GHYHORSPHQW WHDP KDV WUDQVLWLRQHG LQWR DQ 8EXQWX
/LQX[ HQYLURQPHQW &DQRQLFDO VZDUP FRGH ZDV ILUVW
LPSOHPHQWHGDQGWHVWHGLQ3HUO

$ FRPSOHWH 'HHS 6ZDUP LPSOHPHQWDWLRQ LQ 3HUO ZDV
FRPSOHWHG LQ 6HSWHPEHU  7KH LPSOHPHQWDWLRQZDV EXLOW
LQ WZR VFULSWV WKDW FOHDQO\ UHSUHVHQW WKH ³LQQHU´ DQG ³RXWHU´
VZDUP

7KH LQQHU VZDUP IXQFWLRQDOO\ UHVHPEOHV PRVW VZDUP
DSSOLFDWLRQVLQXVHWRGD\7KHGLVWLQFWLRQLVZKHUHPRVWKDYH
XVHUVXSSOLHG PDQXDOO\GHWHUPLQHG LQWHUQDOO\ KDUGFRGHG
362 SDUDPHWHUV QXPEHU RI SDUWLFOHV QHLJKERUKRRG VL]H
&& DQG VR RQ RXU LQQHU VZDUP WDNHV FRPPDQG OLQH
DUJXPHQWV 7KRVH FDQ EH VXSSOLHG E\ WKH XVHU PDQXDOO\ DW
UXQWLPHDQGFDQDOVREHVXSSOLHGE\DQRWKHUFDOOLQJSURJUDP

7KH RXWHU VZDUP DOVR UHVHPEOHV D W\SLFDO 362
SURFHGXUH EXW LQ WKLV FDVH LW FDOOV WKH LQQHU VZDUP SURJUDP
DQG WUHDWV RXWSXW IURP WKHUH DV WKH HUURU IXQFWLRQ WR EH
RSWLPL]HG

,WLVXVHIXOWRNHHSWKHVHWZROD\HUVLQVHSDUDWHVFULSWVIRU
RQJRLQJ GHYHORSPHQW ORRVHO\ FRXSOHG E\ RQO\ VKDULQJ
SDUDPHWHUV ZKHQ WKH RXWHU FDOOV WKH LQQHU ,QQHU VZDUP
DSSOLFDWLRQV FDQ EH VZDSSHG RXW RU F\FOHG WKURXJK VHYHUDO
YDULDWLRQV E\ WKH RXWHU VZDUP ZKHUH YDULRXV LQQHU VZDUPV
PLJKW SRLQW WR GLIIHUHQW GDWD VHWV RU KDYH RWKHU VSHFLDOL]HG
FRQVWUDLQWVWKDWGRQ
WFRQFHUQWKHRXWHUVZDUP

&RQYHUVHO\ RXWHU VZDUP H[SHULPHQWV IURP YDULRXV
PDQXDO SDUDPHWHU WXQLQJV FDQ EH FRQGXFWHG ZKLOH DOO DUH
DLPHGDW WKH VDPHFRQVLVWHQW LQQHU VZDUP)RUDOO WKHDXWR
WXQLQJWKDWLVQRZQLFHO\EHLQJDSSOLHGWRWKHLQQHUVZDUPWKH
RXWHU VZDUP VWLOO QHHGV WKRVH PDQXDO SDUDPHWHU FKRLFHV
PDGH

:H KDYH EULHIO\ FRQVLGHUHG KRZanother RXWHU VZDUP
ZRXOGEHKDYHZUDSSHGDURXQGDQGRSWLPL]LQJWKHILUVWRXWHU
VZDUP EXW EHOLHYH LW ZRXOG PRVW OLNHO\ EULQJ GLPLQLVKLQJ
UHWXUQV (DUO\ UXQV ZLWK WKH RXWHU VZDUP KDYH VKRZQ IDVW
FRQYHUJHQFHDWWRJHQHUDWLRQVIXUWKHUmeta RSWLPL]DWLRQ
WKHUHVHHPVXQQHFHVVDU\DOWKRXJKWKDWFRXOGEHERUQHRXWE\
H[SHULPHQW


(OHYHQSDUDPHWHUVRIWKHLQQHUVZDUPDUHVLPXOWDQHRXVO\
HYROYHGE\WKHRXWHUVZDUP
• QXPEHURISDUWLFOHV
• QXPEHURIQHLJKERUV
• 9PD[
• QHXUDOQHWZRUNZHLJKWPD[
• LQLWLDOQHXUDOQHWZRUNZHLJKWPD[
• &
• &
• LQHUWLDZHLJKWVWDUW
• LQHUWLDZHLJKWHQG
• QHXUDOQHWZRUNVLJPRLGWUDQVIHUIXQFWLRQVORSH
• QXPEHURIQHXUDOQHWZRUNKLGGHQ3(V

7KLV OLVW LV WKH UHVXOW RI DQ DWWHPSW WR DGGUHVV PRVW
DYDLODEOHWXQDEOHSDUDPHWHUV7KHLQHUWLDZHLJKWVWDUWDQGHQG
YDOXHV GHILQH D OLQHDU SDWK IRU WKH LQHUWLD ZHLJKW WR FKDQJH
GXULQJLQQHUVZDUPRSHUDWLRQ
9,029,1*)25:$5'
7KHV\VWHPZLOOQH[WEHSRUWHGWR3\WKRQDQGWKHQWR$16,
& HDFK IRU XVH LQ D /LQX[ HQYLURQPHQW 7KLV HQYLURQPHQW
IDFLOLWDWHVWKHGHYHORSPHQWDQGWHVWLQJRIDSURGXFWLRQV\VWHP
0XFK ODUJHU GDWDVHWV DUH FXUUHQWO\ EHLQJ DQDO\]HG 7KH
VL]HV RI WKHVH GDWDVHWV UDQJH IURP  WR KXQGUHGV RI
WKRXVDQGV RI SDWWHUQV HDFK 1RWH WKDW WKH SURGXFWLRQ V\VWHP
ZLOOKDYHWRSURFHVVDSSUR[LPDWHO\SDWWHUQVSHUKRXU
$GGLWLRQDO FDSDELOLWLHVZLOO EH DGGHG WR WKH H[LVWLQJ'HHS
6ZDUPV\VWHP7KHQH[WPDMRUGHYHORSPHQWZLOOEHQHVWLQJD
IX]]\ UXOH EDVH LQVLGH WKH RXWHU VKHOO VZDUP HQDEOLQJ
RSWLPL]DWLRQ RI IX]]\ UXOHV DQG IX]]\ SDUDPHWHUV VXFK DV
IX]]\PHPEHUVKLS W\SHV ORFDWLRQV DQG VORSHV VLPXOWDQHRXVO\
ZLWK SDUDPHWHUV RI 362 DQG QHXUDO QHWZRUN VWUXFWXUHV 7KLV
ZLOORSHQXS'HHS6ZDUPWROLQJXLVWLFYDULDEOHV
7KHFRGLQJHIIRUWLVRFFXUULQJLQSDUDOOHOZLWKGHYHORSPHQW
RID&RPSXWDWLRQDO6ZDUP2SHQ/LEUDU\EHLQJHVWDEOLVKHGRQ
*LWKXE DW KWWSVJLWKXEFRPFRPSXWDWLRQDOVZDUP  6HYHUDO
KXQGUHG PHJDE\WHV RI VRXUFH DQG H[HFXWDEOH FRGH SDWWHUQ
GDWDEDVHVDQGSXEOLFDWLRQVDUHDYDLODEOH
7KH SXEOLF LV HQFRXUDJHG WR DFFHVV WKLV OLEUDU\ DQG WR
SURYLGHPDWHULDOIRULQFOXVLRQ
9,,&21&/86,216
$ QHZ JHQHUDWLRQ RI 362 'HHS 6ZDUP KDV EHHQ
GHYHORSHG WKDW DXWRPDWLFDOO\ HYROYHV RSWLPDO RU QHDURSWLPDO
YDOXHVIRUSDUDPHWHUVRIWKH362DOJRULWKPVXFKDVSRSXODWLRQ
VL]H DQG QHLJKERUKRRG VL]H DQG LI XVHG SDUDPHWHUV RI
DVVRFLDWHGQHXUDOQHWZRUNVIX]]\UXOHEDVHVHWF
'HHS 6ZDUP VLJQLILFDQWO\ UHGXFHV GHYHORSPHQW WLPH DQG
HIIRUWIRUFRPSOH[V\VWHPVWKDWPXVWIUHTXHQWO\UHRSWLPL]HLQ
KLJKO\G\QDPLFHQYLURQPHQWV


$&.12:/('*0(17
:H WKDQN0DWW -RQNPDQ DQG )UDQ 7UXGHDX DW 3URRISRLQW
IRU WKHLU VXSSRUW DQG IRU WKHLU FRRSHUDWLRQ DQG H[SHUWLVH LQ
FODVVLI\LQJDQGUHFODVVLI\LQJPDOZDUHSDWWHUQV5&(WKDQNV
-LP.HQQHG\IRUKLVLQVSLUDWLRQDQGLQSXWV
5()(5(1&(6

>@ - .HQQHG\ DQG 5 & (EHUKDUW ³3DUWLFOH VZDUP RSWLPL]DWLRQ´ 3URF
,(((,QWO&RQIRQ1HXUDO1HWZRUNV 3HUWK$XVWUDOLD ,(((6HUYLFH
&HQWHU3LVFDWDZD\1-,9
>@ 5&(EHUKDUWDQG-.HQQHG\³$QHZRSWLPL]HUXVLQJSDUWLFOHVZDUP
WKHRU\´ 3URF 6L[WK ,QWO 6\PSRVLXP RQ 0LFUR 0DFKLQH DQG +XPDQ
6FLHQFH 1DJR\D -DSDQ ,(((6HUYLFH&HQWHU 3LVFDWDZD\1- 

>@ < 6KL DQG 5 & (EHUKDUW ³3DUDPHWHU VHOHFWLRQ LQ SDUWLFOH VZDUP
RSWLPL]DWLRQ´ 3URF (YROXWLRQDU\ 3URJUDPPLQJ 9,, 3URF (3
6SULQJHU9HUODJ1HZ<RUN
>@ <6KLDQG5&(EHUKDUW³$PRGLILHGSDUWLFOHVZDUPRSWLPL]HU´3URF
,((( ,QWO &RQI (YROXWLRQDU\ &RPSXWDWLRQ ,((( 3UHVV 3LVFDWDZD\
1-
>@ 5 & (EHUKDUW DQG < 6KL &RPSXWDWLRQDO ,QWHOOLJHQFH &RQFHSWV WR
,PSOHPHQWDWLRQV %RVWRQ 0$ (OVHYLHU 0RUJDQ .DXIPDQQ LPSULQW

>@ .5+DUULVRQ$3(QJOHEUHFKWDQG%02PEXNL%HUPDQ³7KHVDG
VWDWHRIVHOIDGDSWLYHSDUWLFOHVZDUPRSWLPL]HUV´3URF ,(((&RQJUHVV
RQ(YROXWLRQDU\&RPSXWDWLRQ ,(((3UHVV3LVFDWDZD\1-

>@ ( 7 YDQ 6\O DQG $ 3 (QJOHEUHFKW ³&RPSDULVRQ RI VHOIDGDSWLYH
SDUWLFOH VZDUPRSWPL]HUV´ LQ3URF  ,(((6\PSRVLXPRQ6ZDUP
,QWHOOLJHQFH,(((3UHVV3LVFDWDZD\1-
>@ 0DWWKHZ-RQNPDQ3URRISRLQW,QF3HUVRQDO&RPPXQLFDWLRQ
>@ ' 6PLONRY ³2SHQ VRXUFLQJ WKH HPEHGGLQJ SURMHFWRU D WRRO IRU
YLVXDOL]LQJ KLJKGLPHQVLRQDO GDWD´ *RRJOH 5HVHDUFK %ORJ
KWWSVUHVHDUFKJRRJOHEORJFRPRSHQVRXUFLQJHPEHGGLQJ
SURMHFWRUWRROKWPO'HF
>@ :50LOOHU'-*URYHV$.QRSI-/2WWHDQG5'6LOYHUPDQ
³:RUG$GMDFHQF\*UDSK0RGHOLQJ6HSDUDWLQJ6LJQDO)URP1RLVHLQ
%LJ'DWD´:HVWHUQ-RXUQDORI1XUVLQJ5HVHDUFK



